Abstract
Results
Of the 47 (39.2%) SCLC patients with IIP, 20 had IPF and 27 had other IIP. The frequency of chemotherapy-induced ILD development or IIP exacerbation was higher in patients with IPF (40.0%) than in those with other IIP (3.7%) and non-IIP (1.4%). Logistic regression analysis demonstrated that ILD development or IIP exacerbation was independently associated with IPF (P = 0.007). Time to treatment failure (P < 0.001) and overall survival (P = 0.001) were different among the groups., Cox proportional hazard model revealed that IPF was independently associated with time to treatment failure (P = 0,017) and overall survival (P = 0.006). Other IIP had no impact on time to treatment failure or overall survival. Development of ILD or exacerbation of IIP independently reduced time to treatment failure and overall survival.
Conclusions
Comorbid IPF can be an independent, negative prognostic indicator and at high risk of ILD development or IIP exacerbation in SCLC patients. Early diagnosis and intervention for PLOS 
Introduction
Interstitial lung diseases (ILD) are a heterogeneous group of diffuse parenchymal lung diseases with a variety of etiologies, which include genetic predisposition and environmental factors. According to the American Thoracic Society ATS)/European Respiratory Society (ERS)/Japanese Respiratory Society (JRS), idiopathic interstitial pneumonia (IIP) of unknown etiology is a form of ILD, and it is further subdivided into multiple disease categories [1] . Out of these categories, usual interstitial pneumonia (UIP)/idiopathic pulmonary fibrosis (IPF) accounts for 80-90% of IIP cases, and patients with IPF has a poor prognosis, with a median survival time of 3-5 years [2] [3] [4] [5] . The poor prognosis is due to the lack of therapeutic options, drug resistance, and the frequency of acute exacerbation, compared with other types of IIP [1] . While the etiology of IIP remains unknown, scientific evidence suggests a common pathogenic mechanism between IIP and lung cancer [6, 7] . This may explain the high rate of comorbidity, and the fact that lung cancer occurs in 4.4-48% of patients with IIP [8] [9] [10] . Thus, IIP is considered as an independent risk factor for lung cancer [3] . IPF has also been linked to a higher incidence of lung cancer compared with IIP other than IPF (other IIP) [11] . However, anti-cancer treatments, such as chemotherapy, thoracic radiation, and surgical resection, may result in an exacerbation of IIP, which raises the question of whether patients with the comorbidity of lung cancer and IIP should be treated with these therapeutic modalities.
Lung cancer is the leading cause of cancer-related deaths worldwide. Small cell lung cancer (SCLC), which accounts for 10-20% of lung cancer cases, is characterized by tumor invasiveness, rapid progression, and metastatic potential [12] [13] [14] . The prognosis for patients with SCLC is poor despite its high chemosensitivity [15] . Cigarette smoking is a common causative factor for SCLC and IIP. Coincidentally, these two conditions are usually comorbid [16, 17] . When there is a comorbidity of SCLC with IIP, clinicians usually provide aggressive anti-cancer treatment because the life expectancy of untreated SCLC is 3.7 months, which is worse than that of non-small cell lung cancer [18] . Previous reports of patients with SCLC and ILD including IIP revealed that comorbid ILD was a negative prognostic factor for SCLC, but that patients with both conditions benefited from chemotherapy [19] [20] [21] . Kenmotsu et al. reported that patients with lung cancer and comorbid ILD with a UIP pattern identified on computed tomography (CT) had a higher incidence of chemotherapy-induced exacerbation of ILD and a shorter overall survival, compared to patients with a non-UIP pattern of ILD [22] . However, how the comorbidity of IIP as the predominant ILD subtype has an impact on the clinical course of SCLC remains unclear. Particularly, whether in patients with SCLC, the prognosis of comorbid IPF is different from that of other IIP subtypes is crucial for therapeutic decisionmaking for SCLC.
In this study, we retrospectively compared the clinical information and outcomes between these three groups of patients with SCLC: (a) patients without pre-existing IIP, (b) patients with IPF, and (c) other IIP patients. The characteristic findings on the impact of IPF on the clinical outcome of patients with SCLC may offer valuable insights into the therapeutic strategies for the management of SCLC with IIP. 
Study assessment
After obtaining approval of the institutional review boards, the medical records and CT images were reviewed. The tumor response to chemotherapy was evaluated according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 [23] . The maximal effect was defined as complete response (CR), partial response (PR), stable disease (SD), or progressive disease (PD). The objective response was defined as CR and PR, and disease control was defined as CR, PR, and SD. Therapeutic efficacy was assessed by the objective response rate and the disease control rate, and therapeutic benefit was evaluated based on the time from the initiation of first-line chemotherapy to the confirmation of treatment failure (time to treatment failure), and the death of the patient (overall survival). Adverse events associated with chemotherapy were confirmed by the medical records review and were evaluated based on the Common Terminology Criteria for Adverse Events (CTCAE) v4.0.
Statistical analysis
Chi-square and Mann-Whitney U tests were used to evaluate the differences in clinicopathological characteristics between the patient groups. We calculated the time to treatment failure and overall survival using the Kaplan-Meier method, and the survival curves were compared using the log-rank test as univariate analysis. Potential confounding factors for survival time and ILD development/exacerbation were assessed with the Cox proportional hazard model and multivariate logistic regression analysis. A p value < 0.05 was considered significant. All statistical analyses were performed using SPSS software version 25 (IBM, Armonk, NY, USA).
Results

Patient characteristics
Of the 120 patients enrolled in this study, 47 patients had IIP. They were further sub-divided into 20 patients with IPF and 27 patients with other IIP (Fig 1) . Patients with IIP were older than those without IIP (Table 1) . Patients in the IPF and other IIP groups were also older than those without IIP, respectively, whereas there was no significant age difference between the IPF and other IIP groups. Patients without IIP who had a better performance status more frequently underwent first-line chemotherapeutic regimen of cisplatin and etoposide than those with IIP (P = 0.027). Patients without IIP more frequently received thoracic radiation therapy. An imbalance in regimens among the patient groups was mainly due to the physicians' choice in the retrospective study.
Development of ILD or exacerbation of IIP
Development of ILD or exacerbation of IIP (ILD development/IIP exacerbation) during chemotherapy was identified in 10 patients with SCLC (8.3%). Half of these events occurred during first-line chemotherapy (Table 2) . Therefore, patients with ILD development/IIP exacerbation underwent fewer cycles of chemotherapy, compared with those without ILD development/IIP exacerbation. One patient without IIP exhibited a newly-developed ILD (1.4%), whereas IIP was exacerbated in eight patients with IPF (40.0%), and in one patient with other IIP (3.7%). The exacerbation of IIP occurred primarily in patients with IPF compared with those with other IIP. There was no significant difference in the incidence between patients with other IIP and those without IIP. Five patients with ILD development/IIP exacerbation received thoracic radiation therapy, whereas ILD development/IIP exacerbation occurred during concurrent chemoradiation in two patients: one in the non-IIP group and the other in the IPF group, respectively. All patients who had ILD development/IIP exacerbation https://doi.org/10.1371/journal.pone.0221718.g001 were treated with corticosteroids after its diagnosis. Only one of 10 patients with ILD development/IIP exacerbation (10.0%) received second-line treatment, whereas 65 of 110 patients without ILD development/IIP exacerbation (59.1%) did not.
There was a large difference in the number of patients in the two groups; 10 patients who had ILD development/exacerbation versus 110 patients who did not (Table 2) . However, the multivariate logistic regression analyses showed that ILD development/IIP exacerbation was independently associated with IPF (Table 3) .
Therapeutic response to first-line chemotherapy
Patients with IPF had the lowest objective response rate and disease control rate for first-line chemotherapy; particularly, the objective response rate was 60% only in patients with IPF (Table 4) . However, the therapeutic response to first-line chemotherapy in patients without IIP was not significantly different from that in patients with IIP, IPF, or other IIP, despite an imbalance in chemotherapeutic regimens between the patient groups. Furthermore, there were no significant differences in therapeutic responses between patients with IPF and those with other IIP.
Time to treatment failure and overall survival
In univariate analyses, ILD development/IIP exacerbation and comorbid IPF, but not other IIP, was significantly associated with time to treatment failure, and significant differences in overall survival were associated with multiple factors, including other IIP (Table 5 , S1-S6 Figs). The Kaplan-Meier survival curves showed that patients with IPF had the shortest time to treatment failure (P < 0.001; Fig 2) and overall survival (P = 0.001; Fig 3) (Table 5) . Similarly, ILD development/IIP exacerbation (HR: 2.80, 95% CI: 1.06-7.44, P = 0.038) and IPF (HR: 3.17, 95% CI: 1.38-7.27, P = 0.006) were independently associated with worse overall survival, whereas other IIP showed no significance (Table 5 ).
Discussion
The purpose of this study was to investigate and compare clinical courses and prognoses between patients with comorbid SCLC with IPF, other IIP, and non-IIP. In the study, the Using the log-rank test as univariate analysis, there were significant differences among the three patient groups: patients with small cell lung cancer with idiopathic pulmonary fibrosis (IPF), interstitial pneumonia (IIP) other than IPF, and non-IIP.
incidence of chemotherapy-induced ILD development/IIP exacerbation in patients with IPF was significantly higher than that in other patient groups. This frequency was higher than that reported by Kenmotsu et al [17] . The incidence of 8.3% in patients with SCLC with IIP consisting of IPF and other IIP in this study also occurred within the range of 5.9-28.6% based on the previous reports [14, 15] . Along with the result from the multivariate logistic regression analysis for ILD development/IIP exacerbation, the high risk of ILD development/IIP exacerbation was also confirmed in patients with SCLC with IPF compared with those with other IIP and those without IIP.
Of the three patient groups that also showed significant differences in time to treatment failure and overall survival, the IPF group had significantly worse time to treatment failure and overall survival in both univariate and multivariate analyses, unlike the other IIP group that failed to show the difference in a multivariate analysis. These results indicate that IPF of IIP may be a negative prognostic factor for time to treatment failure and overall survival, independent of ILD development/IIP exacerbation, suggesting distinct natural history and clinical course in the IPF group compared with other patient groups.
Although IPF was identified as a negative prognostic factor and the high risk of ILD development/IIP exacerbation in patients with SCLC, the present study has some limitations. First, this retrospective study has differences among the numbers of patients in the three groups including a small number of SCLC patients with IPF, which may lead to an undefined potential bias. However, recent large-scale studies of comorbid lung cancer and IPF also comprised a small number of SCLC patients, and studies of only SCLC patients with IPF were conducted at a small scale: all analyses were based on data from less than 12 patients [24] [25] [26] [27] [28] . The results of this study were broadly consistent with those of previous studies, and furthermore, comparisons of the groups with IPF, other IIP, and non-IIP newly reached the result that comorbid IPF was an independent prognostic factor in the present study. Evidence from these smallscale studies may also need to be accumulated, although a large-scale study is obviously essential. Second, there may also be a potential bias of treatment between patients with and without IIP because some anti-tumor drugs, including irinotecan and amrubicin are contraindicated for patients with ILD and thoracic irradiation basically circumvents their high risk of radiation-induced ILD development/IIP exacerbation. In this study, two of 10 patients with ILD development/IIP exacerbation underwent concurrent chemoradiation therapy. However, ILD development/IIP exacerbation in these two patients occurred more than two months after the completion of thoracic irradiation, when treated with chemotherapy alone. Furthermore, multivariate analyses were also used to adjust for potential confounding factors involved in these limitations. Finally, ILD development/IIP exacerbation was diagnosed and classified based on the onset during chemotherapy and CT images in the present study. Other etiologies presenting with similar diffuse parenchymal image patterns, such as Pneumocystis jirovecii pneumonia, viral pneumonia, and carcinomatous lymphangiosis have not been pathologically excluded. However, test for β-D glucan levels, polymerase chain reaction assay for Pneumocystis jirovecii pneumonia, and tests for virus antibodies as a non-invasive assessment showed negative results. As for lymphangiosis, we confirmed no apparent progression of SCLC lesions at the time of onset. Furthermore, antibiotics were empirically initiated, although the results in sputum culture tests were negative.
Conclusion
Comparisons among the three groups of SCLC patients without IIP, with IPF, and with other IIP, revealed that patients with IPF were at risk of decreased time to treatment failure and overall survival and chemotherapy-induced ILD development/IIP exacerbation. Comorbid IPF was significantly associated with ILD development/IIP exacerbation and was an independent, negative prognostic indicator. The findings of the present study suggest that an optimal therapeutic strategy should be individually provided to prevent the risk of ILD development/IIP exacerbation, particularly in patients with IPF. Currently, SCLC patients with IPF have limited therapeutic options other than a chemotherapeutic regimen combining platinum and etoposide. Given previous reports of the association between the timing of the initiation of corticosteroid treatment and prognosis in patients with exacerbated IPF, early diagnosis and intervention for chemotherapy-induced IIP exacerbation will be beneficial for SCLC patients with IPF, who need close monitoring for its onset [29, 30] . A large-scaled study at multiple institutes will be further warranted to evaluate the findings obtained from this small-scaled study. 
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